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@ Closed reactor FCC system wfth provisions for surge capacity. 

@ The present invention Involves a fluid catalytic cracking 
(FCC) apparatus and process comprising a reactor riser zone, 
a primary and a secondary cyclones, connected In series to 
the riser zone, and a stripping zone. The riser zone, the 
primary and the secondary cyclones, and the stripping zone, 
are placed within a single reactor vessel. The primary 
cyclone is connected to the reactor riser zone by an enclosed 
conduit which prevents random post-riser thermal cracking 
of the hydrocarbons after they exit the reactor riser zone. The 
conduit contains a trickle valve, or other means, to accom- 
modate sudden increased surges of flow of the hydrocar- 
bons and catalyst mixture. 
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CLOSED REACTOR FCC SYSTEM WITH PROVISIONS FOR SURGE CAPACITY 



This invention relates to the separation of the catalyst phase 
from the gasiform phase in a fluidized catalytic cracking unit (FCC) 
reactor. More particularly, it relates to improvements in separating the 
catalyst phase from the gasiform phase, as the suspension comprising both 
phases is discharged from a riser conversion, i.e. riser cracking, zone 
outlet, to minimize or substantially eliminate post-riser conversion zone 
cracking. 

The field of catalytic cracking, particularly fluid catalytic 
cracking, has undergone significant development improvements due 
primarily to advances in catalyst technology and product distribution 
obtained therefrom. With the advent of high activity catalysts and 
particularly crystalline zeolite cracking catalysts, new areas of 
operating technology have been encountered requiring even further 
refinements in processing techniques to take advantage of the high 
catalyst activity, selectivity and operating sensitivity. 

Of particular concern in this field has been the development of 
methods and systems for separating gasiform products from fluidizable 
catalyst particles, particularly from a high activity crystalline zeolite 
cracking catalysts, under more efficient separating conditions so as to 
reduce the overcracking of conversion products and promote the recovery 
of desired products of a hydrocarbon conversion operation. However, 
present day cyclonic equipment often permits an undesired extended 
residence time of the product vapor within a large reactor vessel. This 
extended residence time causes a loss of the desired product yield of up 
to about 4 percent through non-selective thermal cracking* Recent 
developments in this art have been concerned with the rapid separation 
and recovery of entrained catalyst particles from gasiform products in a 
short contact time riser hydrocarbon conversion operation. 

The hydrocarbon conversion catalyst usually efoplcyed in an FCC 
installation is preferably a high activity crystalline zeolite catalyst 
of a fluidizable particle size which is transferred in suspended or 
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dispersed phase condition generally upwardly through one or more riser 
conversion zones providing a hydrocarbon residence time in each 
conversion zone in the range of 0.5 to about 10 seconds, and more usually 
less than about 8 seconds. High temperature riser hydrocarbon 
conversions of at least 1000°F (538°C) at 0.5 to A seconds hydrocarbon 
residence time in contact with the catalyst in the riser are desirable 
for some operations before initiating separation of vaporous hydrocarbon 
product materials from the catalyst. Rapid separation of catalyst from 
hydrocarbons discharged from a riser conversion zone is particularly 
desirable for restricting hydrocarbon conversion time. [Xjririg the 
hydrocarbon conversion step, carbonaceous deposits accumulate on the 
catalyst particles and the particles entrain hydrocarbon vapors upon 
removal from the catalyst conversion step. The entrained hydrocarbons 
are subjected to further contact with the catalyst until they are removed 
from the catalyst by mechanical means and/or stripping gas in a separate 
catalyst stripping zone. Hydrocarbon conversion products separated from 
the catalyst and stripped materials are combined and passed to a product 
fractionation step. Stripped catalyst containing deactivating amounts of 
carbonaceous material, hereinafter referred to as coke, is then passed to 
a catalyst regeneration operation. 

Various processes and mechanical means have been employed 
heretofore to effect rapid separation of the catalyst phase from the 
hydrocarbon phase at the termination of the riser, cracking zone, to 
minimize contact time of the catalyst with cracked hydrocarbons. 

Cartmell, U. S. Patent 3,661,799, discloses a process for 
catalytic conversion of petroleum feedstocks wherein the fluidized 
mixture of the cracking catalyst and cracked feedstock leaves a 
vertically-disposed reactor section and -enters a cyclone separator, 
placed in a separate stripper vessel, through a conduit. The conduit 
contains an amulus which allows an inert stripping gas and associated 
stripped vapors to pass into the cyclone separator. 

Anderson, et al., U. S. Patent 4,043,899, disclose a method for 
rapid separation of a product suspension comprising fluidized catalyst 
particles and the vaporous hydrocarbon product phase by discharging the 
entire suspension directly from the riser conversion zone into a cyclonic 
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separation zone which provides cyclonic stripping of the catalyst after 
it is separated from the hydrocarbon vapors. In the method of Anderson 
et al., the cyclone separator is modified to include an additional 
downwardly extending section comprising a lower cyclone stage. In this 
arrangement, catalyst separated from the gasiform material in the upper 
stage slides along a downwardly sloping baffle to the lower cyclone where 
stripping steam is introduced to further separate entrained hydrocarbon 
products from the catalyst recovered from the upper cyclone. The steam 
and the stripped hydrocarbons are passed from the lower cyclone through a 
concentric pipe where they are combined with the hydrocarbon vapors 
separated in the upper cyclone. The separated and stripped catalyst is 
collected and passes from the cyclone separator by conventional means 
through a dipleg. This process requires that the entire volume of 
catalyst, gasiform phase and stripping steam pass through the cyclone 
separator, which means that this equipment must be designed to 
efficiently handle not only a large vapor volume but also a large 
quantity of solid particles. 

Myers et al., U. S. Patent 4,070,159, provide a separation means 
whereby the bulk of the solids is discharged directly into the settling 
chamber without passing through a cyclone separator. In this apparatus, 
the discharge end of the riser conversion zone is in open communication 
with the disengaging chamber such that the catalyst discharges from the 
riser in a vertical direction into the disengaging chamber which is 
otherwise essentially closed to the flow of gases. The cyclone 
separation system is in open communication with the riser conversion zone 
by means of a port located upstream from but near the discharge end of 
the riser conversion zone. A deflector cone mounted directy above the 
terminus of the riser causes the catalyst to be directed in a downward 
path so as to prevent the catalyst from abrading the upper end of the 
disengaging vessel. The cyclone separator is of the usual configuration 
employed in a catalytic cracking unit to separate entrained catalyst 
particles from the cracked hydrocarbon products so that the catalyst 
passes through the dipleg of the cyclone to the body of the catalyst in 
the lower section of the disengaging vessel and the vaporous phase is 
directed from this vessel to a conventional fractionation unit. There is 
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essentlally no net flow of gases within the disengaging vessel beyond 
that resulting from a moderate amount of steam introduced to strip the 
catalyst residing in the bottom of the disengaging vessel. 

Haddad et al., U. S. Patent 4,219,407, the entire contents of 
which are incorporated herein by reference, disclose the separation of 
the catalyst from the gasiform cracked products in a fashion which 
permits effective steam stripping of the catalyst. The suspension of 
catalyst and gasiform material is discharged from the riser conversion 
zone outwardly through radially extending passageways, or arms, which 
terminate in a downward direction. Catalyst stripping zones, or 
strippers, are located beneath the terminus of each of the radially 
extending passageways. Each stripper consists of a vertical chamber open 
at the top and the bottom with downwardly sloping baffles located within 
the chamber so as to cause the catalyst to flow in a circuitous manner 
countercurrently to upwardly flowing stripping steam introduced at the 
lower end of the stripping chamber. The radially extending arms are each 
provided with a curved inner surface and confining sidewalls to impart a 
cyclonic concentration of catalyst particles promoting a forced 
separation thereof from the hydrocarbon vapors. The separation of the 
catalyst from the vapors is basically achieved through rapid changes in 
the direction of flow of the catalyst and the vapors. Thus the cyclonic 
collection and concentration of catalyst particles is used to reverse the 
flow of separated catalyst such that it is concentrated as a downwardly 
confined stream which discharges generally downwardly and into the open 
upper end of the catalyst stripping chamber. A vapor disengaging space 
is provided between the discharge end of the radially extending arms and 
the top of the catalyst strippers to promote the rapid removal of 
separated vapors from the catalyst. The separated vapors pass upwardly 
through the disengaging vessel to the open inlet of a cyclone separator 
which removes entrained catalyst from the gasiform material for return 
through a dipleg to the body of steam stripped catalyst while the 
separated vaporous material passes to a fractionation unit. The 
hydrocarbon product, as it passes within the disengaging vessel from the 
discharge of the radially extending arms to the cyclone separator, 
travels in a random fashion and is exposed to catalytic reaction 
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temperatures which may cause undesirable side reactions and thermal 
cracking before these vapors enter a quench zone in the main fractionator 
of the fluid cracking unit. 

Haddad et al., U.S. Patent No. 4,404,095, disclose an FCC 
reactor comprising a riser with radially extending sidearms as the first 
catalyst-hydrocarbon separation means. The sidearms force the suspension 
of the catalyst and the hydrocarbons to suddenly change the direction of 
flow from the vertical to the horizontal thereby forcing preliminary 
separation of the gaseous hydrocarbons from the solid catalyst 
particles. The catalyst particles fall in a downward direction, to a 
stripping means, while the hydrocarbons, with some entrained catalyst 
particles, proceed to a secondary separation means, such as a cyclore. 
The sidearms and the secondary separation means are enclosed by a 
vertical conduit to prevent random uncontrolled thermal cracking of the 
hydrocarbons. However, no means are provided in the apparatus and 
process of this Haddad et al. patent application for accommodating a 
sudden increase in pressure and the accompanying sudden increased rate of 
flow of the catalyst. Such unexpected increased pressure and the rate of 
flow of the cracking catalyst may be caused, for example, by mechanical 
malfunctions of equipment or by the vaporization of liquid water which 
may be introduced into the riser bottom with the hydrocarbon feed, or by 
unit pressure upsets. 

It is a primary object of this invention to provide an improved 
process and apparatus for rapidly separating cracking catalyst from 
gasiform material and to provide an effective means of improving the 
ability of the FCC system to tolerate sudden system pressure increases 
and the accompanying surges in the catalyst rate of flow. 

It is another object of this invention to provide an improved 
means for separating cracking catalyst from gasiform material in a fluid 
catalytic cracking (FCC) process. 

It is a further object of this invention to provide a process 
and an apparatus for separating cracking catalyst from gasiform material 
whereby the length of tine the gasiform material is subjected to high 
temperature after separation from the bulk of the catalyst is minimized 
so as to reduce non-selective thermal cracking of the vapor products. 
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These objectives can be realized in an improved FCC process and 
apparatus comprising a closed cyclone system for separating the catalyst 
from cracked hydrocarbon feed after the mixture of catalyst and feed 
exits the FCC cracking zone, e.g., the FCC riser. The system can be 
equipped with a means for providing a surge capacity to accommodate a 
sudden increased rate of flow of the catalyst stream. The closed cyclone 
system of the present invention comprises a primary cyclone means and a 
secondary cyclone means, or primary and secondary cyclones. The primary 
cyclone is connected to the FCC cracking zone by an enclosed conduit. 
The secondary cyclone is placed in-series with the primary cyclone, and 
the outlet of the primary cyclone is also connected by an enclosed 
conduit with the inlet of the secondary cyclone. The enclosed conduits 
limit the exposure of the cracked hydrocarbons to the high temperatures 
of the FCC reactor, thereby expediting the transfer of cracked 
hydrocarbons to the secondary cyclone means and preventing undesirable 
post-riser thermal cracking of the hydrocarbons. The solid catalyst 
particles are separated as a catalyst stream from the hydrocarbon vapors 
in the two cyclone separation means. Most of the catalyst stream from 
the cyclones is then directed to a disengaging zone, e.g. , a steam 
stripper, placed below the cyclones, and the hydrocarbon product is 
directed to a downstream fractionation means. In accordance with the 
present invention, surge capacity means is provided in the enclosed 
conduit connecting the riser with the primary cyclone, in the enclosed 
conduit connecting the primary with the secondary cyclone, or in both. 
These enclosed conduits connect the riser with the primary cyclone and 
the primary with the secondary cyclones. 

The process arid apparatus of this invention can be illustrated 
by the drawings which are described in greater detail hereinafter. 

Figure 1 is a schematic representation of a side view of a fluid 
catalytic cracking (FCC) reactor of the present invention. 

Figure 2 is the front view of the FCC reactor Of the present 
invention, taken along the axis ft-A of Figure 1. 

The means for providing surge capacity to accommodate the sudden 
increased pressure and the sudden increased rate of flow of the catalyst 
stream can be, for example, a trickle valve which is positioned in one or 
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both of the aforementioned enclosed conduits (e.g., see Figure 1). The 
trickle valve, or any other surge capacity means, is usually held closed 
by the higher pressure outside of the enclosed conduit than on the inside 
thereof. However, during the upset or surge conditions, the pressure 
inside the conduit exceeds that on the outside thereof forcing the surge 
capacity means to open and vent the excess material into the large 
reactor vessel surrounding the cyclones and the enclosed conduit. 
Therefore, in the event of a sudden unexpected surge of increased 
pressure and of the increased catalyst volune flow, the surge capacity 
means allows excess catalyst and hydrocarbon gases to exit the conduit, 
and the excess catalyst is deposited in the bottom of the reactor 
vessel. The provision of the surge capacity means prevents the primary 
and secondary cyclone dipleg flooding and large catalyst carryover from 
the FCC reactor to the main fractionation column, both of which might 
occur without the surge capacity means in the event of the surge 
conditions. In this connection, the term increased rate of catalyst 
flow, as used herein and in the appended claims, designates a short term 
2 to 20-fold increase of catalyst flow by volume per unit of time of the 
steady state rate of flow of the catalyst stream. Similarly, the term 
sudden increase in pressure designates the pressure increase inside the 
enclosed conduit of 2-10 psi (28-70 kPa), as compared to the steady state 
operating conditions. In a conduit connecting the riser of the FCC 
reactor and the primary cyclone, there is provided a means, e.g., a 
slotted opening, to provide an opportunity for the major portion of the 
stripping steam and stripped hydrocarbon mixtures to enter the inside of 
the conduit and therefore of the primary and secondary cyclones. Another 
portion of the stripping steam and stripped hydrocarbons leaves the 
stripper through a conduit carrying spent catalyst to the regenerator. 
The bottom of the surge capacity means may be elevated, for example, by 
providing a serrated edge spacer in the wall of the cgnduit which 
supports the bottom of the surge capacity means in a spaced relationship 
with respect to the conduit and allows for the remaining portion of the 
stripping steam and stripped hydrocarbons to enter the enclosure. 

The invention will now be described in connection with one 
specific embodiment thereof illustrated in Figures 1 and 2. This 
embodiment, however, is not to be construed as a limitation on the scope 
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of the invention. Referring to Figure 1, a reactor vessel 2 is provided 
with a catalyst stripping section 4 in a lower bottom portion of the 
vessel. The vessel 2 surrounds the terminal end of a riser conversion 
zone 6, to which are attached primary cyclone separating means 8 and 12, 
and secondary cyclones separating means 10 and 14, respectively. The 
primary cyclone separating means, or cyclones, 8 and 12 are attached by 
conduits 16 and 36, respectively, to the outlet of the riser conversion 
zone, or riser 6. The outlet of the primary cyclones 8 and 12 is 
attached to the secondary cyclones 10 and 14 by conduits 24 and 42, 
respectively, through a conventional expansion means, not shown in the 
drawings. It will be apparent to those skilled in the art that although 
only two pairs of the primary and secondary cyclones are shown in the 
embodiment of Figure 1, more than two pairs of the primary and secondary 
cyclones and/or more than two consecutive cyclone stages may be used in a 
commercial installation without impairing the operation of the apparatus 
and the process of the present invention. Cyclone separators 8 and 12 
attached to the discharge end of riser 6 by conduit means 16 and 36 are 
provided with catalyst diplegs 18 and 40, provided with trickle valves 20 
and 48 on the bottom discharge end thereof. Openings 22 and 38 are 
provided in conduits 16 and 36 to allow steam and/or hydrocarbon gases to 
enter conduits 16 and 36. Gasiform material separated in cyclones 8 and 
12 passes through conduits 24 and 42 to secondary cyclones 10 and 14, 
wherein a further separation of catalyst fines from gaseous material is 
carried out. Separated catalyst is withdrawn by diplegs 26 and 44 from 
the secondary cyclones,, and a gasiform material is passed from cyclones 
10 and 14 by conduits 28 and 50 to a plenum chamber 30 for removal by 
conduit 32 and passage to a downstream fractionation equipment, not shown 
for clarity. The secondary cyclones 10 and 14 are provided with diplegs 
26 and 44, which are provided with trickle valves 34 and 46 at the bottom 
end thereof. 

The conduits 24 and 42 are provided with trickle valves 27 and 
41, respectively, for accommodating sudden unexpected surges of increased 
pressure and of catalyst flow rate originating from operational or 
mechanical upsets. Alternatively, only conduits 16 and 36 may be 
provided with trickle valves 27A and 41A, respectively, to accommodate 
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the increased pressure and catalyst flow rate surges. In yet another 
embodiment, conduits 16, 24, 36 and 42 are provided with trickle valves 
27A, 27, 41A and 41, respectively, as shown in Figure 1, to accommodate 
the increased pressure and catalyst flow rate surges. Figure 2 
illustrates the detail of the valve 41, and it will be apparent to those 
skilled in the art that the valves 27, 27A and 41 A are constructed and 
operated in the manner identical to that of valve 41. Referring to 
Figure 2, the gate 39 of the valve 41 is attached by a ring-hinge 43 to 
the conduit 42, thereby allowing the valve 41 to open in response to an 
increased pressure within the conduit 42. To open the valve 41, the 
pressure within the conduit 42 must exceed the pressure within the vessel 
2 surrounding the conduit 42, and therefore the valve 41. Under normal 
operating conditions, the pressure within the conduit 42 does not exceed 
the pressure within vessel 2, and therefore the valve 41 remains closed. 
However, during sudden unexpected surges of flow of the catalyst and 
hydrocarbon suspension, or during unexpected pressure increases, as 
defined hereinbefore, pressure within the conduit 42 exceeds that in 
vessel 2 and forces valve 41 to open which allows the suddenly increased 
volume of the suspension to exit the conduit 42 through the opening and 
eliminate the excess material from the system. In the absence of the 
valve 41, an unexpected increased surge of the suspension flow may cause 
entrainment of a large proportion of catalyst within the cracked 
hydrocarbon stream, which, in turn, may cause excessive catalyst 
carryover to the FCC main fractionation column or damage to the internal 
apparatus of the fractionation column. The valve 41, or other surge 
capacity means, is sized to accommodate surges of up to 20 tines of the 
steady state rate of catalyst flow. The bottom portion of valve plate 39 
leans against the serrated edge 39A of the horizontal plate protruding 
from conduit 42. The serrated edge permits the stripping steam to enter 
conduit 42, thus preventing coke build-up on the edge of plate 39A which 
could partially or totally seal the valve 39. 

The catalyst separated in diplegs 18, 26, 40 and 44 is 
discharged from the diplegs after a suitable pressure is generated within 
the diplegs by the buildup of the catalyst, and it falls into a bed of 
catalyst 52 therebelow. The bed 52 is contacted with a stream of gas, 
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such as steam, flowing countercurrently to the direction of flow of the 
catalyst. The gas is introduced into the lower bottom portion of the 
stripping section 4 by one or more conduits 54 and 56. Stripped catalyst 
is removed by a conduit 58 for passage to a catalyst regeneration zone or 
a second stage of hydrocarbon conversion zone, depending upon the 
activity and the amount of carbonaceous material, or coke, deposited on 
the catalyst particles. 

The principal purpose of the enclosed conduits 36 and 42 is to 
provide a direct controlled passage of the cracked vapors from the riser 
reactor to the primary and secondary cyclones, and therefore to limit the 
time the cracked vapors are exposed to elevated cracking temperatures. 
Otherwise, the cracked vapors would pass randomly through the upper 
portion of vessel 4 to the cyclone separating means. This would provide 
additional opportunity for non-selective thermal cracking of the 
hydrocarbons, thereby lowering the product yield. By providing a direct 
enclosed path for the vapors to be transported out of the elevated 
temperature zone, there is provided an opportunity for the vapors to be 
quenched and fractionated in a controlled manner in the main fractionator 
of the processing unit, thereby limiting undesirable thermal overcracking . 

Thus, in accordance with the present invention, the separation 
of catalyst from carbonaceous materials is achieved efficiently, while, 
at the same time, the length of time that the gaseous materials are 
subjected to high cracking reaction temperatures after separation from 
the catalysts is minimized. The direct connection between the primary 
and secondary cyclones provided by the enclosed conduits 16, 24, 36 and 
42 is principally responsible for the reduction in thermal post-riser 
cracking. It will be apparent to those skilled in the art, that more 
than one surge capacity means, such as trickle valves 27 , 27A, 41 and 
41 A, may be provided in the enclosed conduits 24, 16, 42 and 36, 
respectively. 

In the method and apparatus of the present invention, a higher 
pressure is maintained outside of the primary cyclone than on the inside 
thereof. This causes a seal of catalyst to build up in the dipleg to a 
selected height depending on the pressure imposed on the system. The 
seal of catalyst In the dipleg substantially prevents the flow of 
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gasiform material into the dipleg. In contrast, in conventional prior 
art designs, the pressure inside the primary cyclone was maintained 
higher than the pressure outside of the cyclone. As a result, the 
gasiform hydrocarbon product had an opportunity to remain in contact with 
the catalyst for a longer time by being drawn down into the cyclone 
dipleg. In the process and apparatus of the present invention, the 
hydrocarbons exiting the primary cyclone enter the secondary cyclone 
directly through the conduits 24 and 42, respectively, and in the 
presence of a reduced amount of catalyst. In addition, the stripping 
steam and stripped hydrocarbons are generally at a lower temperature than 
the suspension of catalyst and cracked hydrocarbons passed to the primary 
cyclone, and the admixture of this lower temperature stripping steam and 
hydrocarbons in the primary and/or secondary cyclones considerably 
reduces overcracking and improves the separation of hydrocarbon vapors 
from catalyst particles in the suspension entering the cyclone. 

In another embodiment of the invention, one or more of the 
primary cyclones, such as 8 and 12 as shown in Figure 1, may be modified 
to incorporate the stripping arrangement of the stripper cyclone of U.S. 
Patent 4,043,899. The employment of the stripper cyclone instead of the 
conventional primary cyclone shown in Figure 1 renders the operation even 
more effective for accomplishing the results desired insofar as 
hydrocarbon vapors flowing downwardly in the dipleg, in the interstitial 
volume between the catalyst particles, can be displaced by the stripping 
steam supplied to the stripper cyclone. 

In one specific embodiment of the present invention, the process 
is conducted in such a manner that the pressure at the top of the riser 
reactor conduit is about 31.4 psig (318 kPa); the pressure within the 
reactor vessel 2 and outside of the riser is about 31.4 psig (318 kPa); 
the pressure within the first stage cyclone is about 30.5 psig (312 kPa); 
the pressure within the second stage cyclone is about 29.3 psig (303 
l<Pa) ; and the pressure In the plenum chamber 30 is about 28.8 psig (300 
kPa). under these pressure operating conditions, it is estimated that 
the second stage cyclone dipleg will develop a catalyst seal in the 
dipleg of approximately 10 feet (3 meters) and a catalyst seal in the 
primary cyclone will be about 4.3 feet (1.3 meters). 
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It will be apparent to those skilled in the art that the 
specific embodiments discussed above can be successfully repeated with 
ingredients equivalent to those generically or specifically set forth 
above and under variable process conditions. 

From the foregoing specification, one skilled in the art can 
readily ascertain the essential features of this invention and without 
departing from the spirit and scope thereof can adapt it to various 
diverse applications. 
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CLAIMS: 

1. A process for the fluid catalytic cracking of a hydrocarbon 
feed, whereby the hydrocarbon feed is catalytically cracked, which 
process comprises: 

(a) passing a suspension of hydrocarbon feed and catalyst through 
riser cracking zone under cracking conditions, 

(b) separating the catalyst from the mixture of catalyst with the 
cracked hydrocarbons from the feed upon the discharge of such 
mixture as effluent from the riser cracking zone, said 
separating of the catalyst being accomplished by passing the 
effluent from the riser cracking zone through a first enclosed 
conduit means to a primary cyclone separation means and, 
subsequently, through a second enclosed conduit means to a 
secondary cyclone separation means, the second enclosed conduit 
means containing a surge capacity means to accommodate a sudden 
increased rate of flow of the effluent therethrough and sudden 
increase in pressure in the second enclosed conduit means; 

(c) substantially completely separating the catalyst from the 
cracked hydrocarbons in said primary and secondary cyclone 
separation means; 

(d) passing the thus-separated catalyst to a catalyst stripping zone 
wherein entrained hydrocarbons are removed from the catalyst 
with a stripping gas; 

(e) passing the cracked hydrocarbons to a downstream fractionation 
apparatus; and 

(f) passing the stripped catalyst to a catalyst regeneration vessel. 
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2. A process according to Claim 1 wherein the riser cracking zone, 
the primary and secondary cyclone separation means and conduit 
means thereto, and the catalyst stripping zone are housed within 
a single fluid catalytic cracking reactor vessel. 

I 

3. A process according to Claim 2 wherein the catalyst stripping 
zone is placed beneath said primary and secondary cyclone 
separation means. 

4. A process according to any of Claims 1 to 3 wherein the first 
enclosed conduit means contains an opening which allows at least 

a portion of the stripping gas from the catalyst stripping zone » 
to enter the first enclosed conduit means. { 

5. A process according to any of Claims 1 to 4 wherein the catalyst 
separated in said primary and said secondary cyclone separation 
means is conducted through a first and a second dipleg means, 
associated with the primary and secondary cyclone separation 

means, respectively, to the catalyst stripping zone. ! 

6. A process according to any of Claims 1 to 5 wherein the sudden 
increased rate of flow of said effluent conprises a 2 to 20 ' 
times increase of the steady state rate of flow of said effluent. i 

7. A process according to any of Claims 1 to 6 wherein the first 
enclosed conduit means also contains a surge capacity means to 
accommodate a sudden increased rate of flow of the effluent 
therethrough and a sudden increase in pressure in the first 
enclosed conduit means. 

8. A process according to any of Claims 1 to 7 wherein the means 
for accommodating surge capacity in the first and in the second 
enclosed conduits conprises an opening covered by a trickle 
valve means. 

•• ( 



i 
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9, A process according to any of Claims 1 to 8 wherein the primary 
cyclone separation means is a stripper cyclone means and wherein 
the separation of the catalyst from the rising cracking zone 
effluent comprises 

(a) passing the effluent from the riser cracking zone into a 
cyclonic separation zone wherein a first cyclonic separation is 
carried out between the fluid catalyst particles and cracked 
hydrocarbons from the feed; 

(b) passing the catalyst particles thus separated substantially 
immediately into a lower separate portion of the stripper 
cyclone means through an opening into an annular zone wherein 
catalyst particles are contacted with a tangentially introduced 
stripping gas; 

(c) passing the stripping gas and stripped products separated from 
the catalyst in the annular zone upwardly through an open end 
restricted passageway concentric with said annular zone and in 
open communication with an upper withdrawal passageway for 
removing cracked hydrocarbons from the feed from the upper 
portion of said stripper cyclone means into the second enclosed 
conduit means; and 

(d) conducting the catalyst particles from the stripper cyclone 
means into the stripping zone. 

10. Apparatus for the fluid catalytic cracking of a hydrocarbon 

feed, which apparatus comprises a reactor vessel which contains: 

(a) a riser cracking zone comprising a vertically disposed elongated 
tubular conduit having an upstream end wherein a suspension of 
hydrocarbon feed and catalyst can be introduced and a downstream 
end from which an effluent comprising a mixture of catalyst and 
cracked hydrocarbons from the feed exits, said downstream end 
terminating within said reactor vessel; 
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(b) a primary cyclone means connected to said downstream end of said 
riser cracking zone by a first enclosed conduit means, a 
secondary cyclone means connected to said primary cyclone means 
by a second enclosed conduit means, the second enclosed conduit 
means containing a surge capacity means to accommodate a sudden 
increased rate of flow of effluent therethrough, said primary 
and secondary cyclone means serving to separate catalyst 
material from said riser cracking zone effluent; and 

(c) a catalyst stripping zone, wherein stripping gas is employed to 
remove entrained hydrocarbons from catalyst separated from said 
riser cracking zone effluent in said cyclone means. 

11. Apparatus according to Claim 10 wherein said stripping zone is 
placed beneath said primary and secondary cyclone separation 
means. 

12. Apparatus according to Claim 10 or Claim 11 wherein said first 
enclosed conduit means contains an opening which allows at least 
a portion of the stripping gas from said catalyst stripping zone 
to enter said first enclosed conduit means. 

13. Apparatus according to any of Claims 10 to 12 wherein said 
primary and said secondary cyclone separation means separate 
said catalyst from said mixture and said separated catalyst is 
conducted through a first and a second displeg means, associated 
with said primary and said secondary cyclone separation means, 
respectively, to said catalyst stripping zone, 

14. Apparatus according to any of Claims 10 to 13 wherein said first 
enclosed conduit means also contains a surge capacity means to 
accommodate a sudden increased rate of flow of effluent 
therethrough and a sudden increase in pressure in the first 
enclosed conduit means. 
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15. Apparatus according to Claim 14 wherein said means for 
accommodating surge capacity in said first and second enclosed 
conduit means comprises an opening covered by a trickle valve 
means. 

16. Apparatus according to any of Claims 10 to 15 wherein said 
primary cyclone means is a stripper cyclone means and wherein 
said catalyst is separated from said riser cracking zone 
effluent by 

(a) passing said effluent from said riser cracking zone into a 
cyclonic separation zone, wherein a first cyclonic separation is 
carried out between said catalyst and cracked hydrocarbons from 
the feed; 

(b) passing the thus-Separated catalyst substantially immediately 
into a lower separate portion of said stripper cyclone means 
through an opening into an annular zone wherein catalyst is 
contacted with a tangentially introduced stripping gas; 

(c) passing said stripping gas and stripped products separated from 
said catalysts in said annular zone upwardly through an open end 
restricted passageway concentric with said annular zore and in 
open communication with an upper withdrawal passageway for 
removing cracked hydrocarbons from the feed from the upper 
portion of said stripper cyclone means into said second enclosed 
conduit means; and, 

(d) conducting said catalyst from said stripper cyclone means into 
said stripping zone. 
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Description 

This invention relates to the separation of the 
catalyst phase from the gasiform phase in a 
fluidized catalytic cracking unit (FCC) reactor. 
More particularly, it relates to improvements in 
separating the catalyst phase from the gasiform 
phase, as the suspension comprising both phases 
is discharged from a riser conversion, i.e. riser 
cracking, zone outlet to minimize or substantially 
eliminate post-riser conversion zone cracking. 

The field of catalytic cracking, particularly fluid 
catalytic cracking, has undergone significant 
development improvements due primarily to 
advances in catalyst technology and product dis- 
tribution obtained therefrom. With the advent of 
high activity catalysts and particularly crystalline 
zeolite cracking catalysts, new areas of operating 
technology have been encountered requiring 
even further refinements in processing tech- 
niques to take advantage of the high catalyst 
activity, selectivity and operating sensitivity. 

Of particular concern in this field has been the 
development of methods and systems for separ- 
ating gasiform products from fluidizable catalyst 
particles, particularly from a high activity crys- 
talline zeolite cracking cataylsts, under more effi- 
cient separating conditions so as to reduce the 
overcracking of conversion products and promote 
the recovery of desired products of a hydrocarbon 
conversion operation. However, present day cyc- 
lonic equipment often permits an undesired 
extended residence time of the product vapor 
within a targe reactor vessel. This extended resi- 
dence time causes a loss of the desired product 
yield of up to about 4 percent through non- 
selective thermal cracking. Recent developments 
in this art have been concerned with the rapid 
separation and recovery of entrained catalyst 
particles from gasiform products in a short con- 
tact time riser hydrocarbon conversion operation. 

The hydrocarbon conversion catalyst usually 
employed in an FCC installation is preferably a 
high activity crystalline zeolite catalyst of a fluidiz- 
able particle size which is transferred in sus- 
pended or dispersed phase condition generally 
upwardly through one or more riser conversion 
zones providing a hydrocarbon residence time in 
each conversion zone In the range of 0.5 to about 
10 seconds, and more usually less than about 8 
seconds. High temperature riser hydrocarbon 
conversions of at least 1000*F <538°C) at 0.5 to 4 
seconds hydrocarbon residence time in contact 
with the cataryst in the riser are desirable for 
some operations before Initiating separation of 
vaporous hydrocarbon product materials from 
the catalyst. Rapid separation of catalyst from 
hydrocarbons discharged from a riser conversion 
zone is particularly desirable for restricting hydro- 
carbon conversion time. During the hydrocarbon 
conversion step, carbonaceous deposits accumu- 
late on the cataryst particles and the particles 
entrain hydrocarbon vapors upon removal from 
the catalyst conversion step. The entrained hydro- 
carbons are subjected to further contact with the 
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catalyst until they are removed from the catalyst 
by mechanical means and/or stripping gas in a 
separate catalyst stripping zone. Hydrocarbon 
conversion products separated from the catalyst 
5 and stripped materials are combined and passed 
to a product fractionation step. Stripped catalyst 
containing deactivating amounts of carbonace- 
ous material, hereinafter referred to as coke, is 
then passed to a catalyst regeneration operation. 
io Various processes and mechanical means have 
been employed heretofore to effect rapid separa- 
tion of the catalyst phase from the hydrocarbon 
phase at the termination of the riser cracking 
zone, to minimize contact time of the catalyst with 
15 cracked hydrocarbons. 

Cartmell, U.S. — A — 3,661,799, discloses a pro- 
cess for catalytic conversion of petroleum feed- 
stocks wherein the fluidized mixture of the crack- 
ing catalyst and cracked feedstock leaves a ver- 
20 tically-disposed reactor section and enters a cyc- 
lone separator, placed in a separate stripper 
vessel, through a conduit. The conduit contains 
an annulus which allows an inert stripping gas 
and associated stripped vapors to pass into the 
25 cyclone separator. 

Anderson, et al., U.S. — A — 4,043,899, disclose a 
method for rapid separation of a product suspen- 
sion comprising fluidized catalyst particles and 
the vaporous hydrocarbon product phase by dis- 
30 charging the entire suspension directly from the 
riser conversion zone into a cyclonic separation 
zone which provides cyclonic stripping of the 
catalyst after it is separated from the hydrocarbon 
vapors. In the method of Anderson et al., the 
35 cyclone separator is modified to include an 
additional downwardly extending section com- 
prising a lower cyclone stage. In this arrange- 
ment catalyst separated from the gasiform 
material in the upper stage slides along a down- 
40 wardly sloping baffle to the lower cyclone where 
stripping steam is introduced to further separate 
entrained hydrocarbon products from the catalyst 
recovered from the upper cyclone. The steam and 
the stripped hydrocarbons are passed from the 
45 lower cyclone through a concentric pipe where 
they are combined with the hydrocarbon vapors 
separated in the upper cyclone. The separated 
and stripped catalyst is collected and passes from 
the cyclone separator by conventional means 
so through a dipleg. This process requires that the 
entire volume of catalyst gasiform phase and 
stripping steam pass through the cyclone 
separator, which means that this equipment must 
be designed to efficiently handle not only a large 
£5 vapor volume but also a large quantity of solid 
particles. 

Myers et al„ U.S.— A—4,070,159, provide a 
separation means whereby the bulk of the solids 
is discharged directly into the settling chamber 
co without passing through a cyclone separator. In 
this apparatus, the discharge end of the riser con- 
version zone is in open communication with the 
disengaging chamber such that the catalyst dis- 
charges from the riser in a vertical direction into 
65 the disengaging chamber which is otherwise. 



2 




3 0 

essentially-closed to the flow of gases. The cyc- 
lone separation system is in open communication 
with the riser conversion zone by means of a port 
located upstream from but near the discharge end 
of the riser conversion zone. A deflector cone 
mounted directly above the terminus of the riser 
causes the catalyst to be directed in a downward 
path so as to prevent the catalyst from abrading 
the upper end of the disengaging vessel. The 
cyclone separator is of the usual configuration 
employed in a catalytic cracking unit to separate 
entrained catalyst particles from the cracked 
hydrocarbon products so that the catalyst passes 
through the dipleg of the cyclone to the body of 
the catalyst in the lower section of the dis- 
engaging vessel and the vaporous phase is 
directed from this vessel to a conventional fractio- 
nation unit. There is essentially no net flow of 
gases within the disengaging vessel beyond that 
resulting from a moderate amount of steam 
introduced to strip the catalyst residing in the 
bottom of the disengaging vessel. 

Haddad et al., U.S. — A— 4,21 9,407, the entire 
contents of which are incorporated herein by 
reference, disclose the separation of the catalyst 
from the gasiform cracked products in a fashion 
which permits effective steam stripping of the 
catalyst The suspension of catalyst and gasiform 
material is discharged from the riser conversion 
zone outwardly through radially extending 
passageways, or arms, which terminate in a 
downward direction. Catalyst stripping zones, or 
strippers, are located beneath the terminus of 
each of the radially extending passageways. Each 
stripper consists of a vertical chamber open at the 
top and the bottom with downwardly sloping 
baffles located within the chamber so as to cause 
the catalyst to flow in a circuitous manner 
countercurrentiy to upwardly flowing stripping 
steam introduced at the lower end of the stripping 
chamber. The radially extending arms are each 
provided with a curved inner surface and con- 
fining sidewalls to impart a cyclonic con- 
centration of catalyst particles promoting a forced 
separation thereof from the hydrocarbon vapors. 
The separation of the catalyst from the vapors is 
basically achieved through rapid changes in the 
direction of flow of the catalyst and the vapors. 
Thus the cyclonic collection and concentration of 
catalyst particles is used to reverse the flow of 
separated catalyst such that ft is concentrated as a 
downwardly confined stream which discharges 
generally downwardly and into the open upper 
end of the catalyst stripping chamber. A vapor 
disengaging space is provided between the dis- 
charge end of the radially extending arms and the 
top of the catalyst strippers to promote the rapid 
removal of separated vapors from the catalyst 
The separated vapors pass upwardly through the 
disengaging vessel to the open inlet of a cyclone 
separator which removes entrained catalyst from 
the gasiform material for return through a dipleg 
to the body of steam stripped catalyst while the 
separated vaporous material passes to a 
fractionation unit. The hydrocarbon product as it 
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passes within the disengaging vessel from the 
discharge of the radially extending arms to the 
cyclone separator, travels in a random fashion 
and is exposed to catalytic reaction temperatures 
5 which may cause undesirable side reactions and 
thermal cracking before these vapors enter a 
quench zone in the main fractionator of the fluid 
cracking unit. 
Haddad et ai., U.S — A— 4,404,095, disclose an 
10 FCC reactor comprising a riser with radially 
extending sidearms as the first catalyst-hydro- 
carbon separation means. The sidearms force the 
suspension of the catalyst and the hydrocarbons 
to suddenly change the direction of flow from the 
75 vertical to the horizontal thereby forcing prelimi- 
nary separation of the gaseous hydrocarbons 
from the solid catalyst particles. The catalyst 
particles fail in a downward direction, to a strip- 
ping means, while the hydrocarbons, with some 
20 entrained catalyst particles, proceed to a 
secondary separation means, such as a cyclone. 
The sidearms and the secondary separation 
means are enclosed by a vertical conduit to 
prevent random uncontrolled thermal cracking of 
25 the hydrocarbons. However, no means are pro- 
vided in the apparatus and process of this patent 
for accommodating a sudden increase in pressure 
and the accompanying sudden increased rate of 
flow of the catalyst Such unexpected increased 
30 pressure and the rate of flow of the cracking 
catalyst may be caused, for example, by mechani- 
cal malfunctions of equipment or by the vaporiza- 
tion of liquid water which may be introduced into 
the riser bottom with the hydrocarbon feed, or by 
3$ unit pressure upsets. 

It is a primary object of this invention to provide 
an improved process and apparatus for rapidly 
separating cracking catalyst from gasiform 
material and to provide an effective means of 
40 improving the ability of the FCC system to tolerate 
sudden system pressure increases and the 
accompanying surges in the catalyst rate of flow. 

It is another object of this invention to provide 
an improved means for separating cracking cata- 
45 lyst from gasiform material in a fluid catalytic 
cracking (FCC) process. 

ft is a further object of this invention to provide 
a process and an apparatus for separating crack- 
ing catalyst from gasiform material whereby the 
so length of time the gasiform material is subjected 
to high temperature after separation from the 
bulk of the catalyst is minimized so as to reduce 
non-selective thermal cracking of the vapor pro- 
ducts. 

ss These objectives can be realized in an improved 
FCC process and apparatus comprising a closed 
cyclone system for separating the catalyst from 
cracked hydrocarbon feed after the mixture of 
catalyst and feed exits the FCC cracking zone, e.g., 
€0 the FCC riser. The system can be equipped with a 
means for providing a surge capacity to 
accommodate a sudden increased rate of flow of 
the catalyst stream. The closed cyclone system of 
the present invention comprises a primary cyc- 
65 lone means and a secondary cyclone means, or 
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primary and secondary cyclones. The primary- 
cyclone is connected to the FCC cracking zone by 
an enclosed conduit. The secondary cyclone is 
placed in-series with the primary cyclone, and the 
outlet of the primary cyclone is also connected by 
an enclosed conduit with the inlet of the 
secondary cyclone. The enclosed conduits limit 
the exposure of the cracked hydrocarbons to the 
high temperatures of the FCC reactor, thereby 
expediting the transfer of cracked hydrocarbons 
to the secondary cyclone means and preventing 
undesirable post-riser thermal cracking of the 
hydrocarbons. The solid catalyst particles are 
separated as a catalyst stream from the hydro- 
carbon vapors in the two cyclone separation 
means. Most of the catalyst stream from the 
cyclones is then directed to a disengaging zone, 
e.g., a steam stripper, placed below the cyclones, 
and the hydrocarbon product is directed to a 
downstream fractionation means. In accordance 
with the present invention, surge capacity means 
is provided in the enclosed conduit connecting 
the riser with the primary cyclone, in the enclosed 
conduit connecting the primary with the 
secondary cyclone, or in both. These enclosed 
conduits connect the riser with the primary cyc- 
lone and the primary with the secondary cyc- 
lones. 

The process and apparatus of this invention can 
be illustrated by the drawings which are 
described .in greater detail hereinafter. 

Figure 1 is a schematic representation of a side 
view of a fluid catalytic cracking (FCC) reactor of 
the present invention. 

Figure 2 is the front view of the FCC reactor of 
the present invention, taken along the axis A — A 
of Figure 1. 

The means for providing surge capacity to 
accommodate the sudden increased pressure and 
the sudden increased rate of flow of the catalyst 
stream can be, for example, a trickle valve which 
is positioned in one or both of the afore- 
mentioned enclosed conduits (e.g., see Figure 1). 
The trickle valve, or any other surge capacity 
means, is usually held closed by the higher 
pressure outside of the enclosed conduit than on 
the inside thereof. However, during the upset or 
surge conditions, the pressure inside the conduit 
exceeds that on the outside thereof forcing the 
surge capacity means to open and vent the excess 
material Into the large reactor vessel surrounding 
the cyclones and the enclosed conduit Therefore, 
in the event of a sudden unexpected surge of 
increased pressure and of the increased catalyst 
volume flow, the surge capacity means allows 
excess catalyst and hydrocarbon gases to exit the 
conduit and the excess catalyst is deposited in 
the bottom of the reactor vessel. The provision of 
the surge capacity means prevents the primary 
and secondary cyclone dipleg flooding and targe 
catalyst carryover from the FCC reactor to the 
main fractionation column, both of which might 
occur without the surge capacity means in the 
event of the surge conditions. In this connection, 
the term increased rate of catalyst flow, as used 
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herein and in the appended claims, designates a 
short term 2 to 20-fold increase of catalyst flow by 
volume per unit of time of the steady state rate of 
flow of the catalyst stream. Similarly, the term 
5 sudden increase in pressure designates the 
pressure increase inside the enclosed conduit of 
2—10 psi (28 — 70 kPa), as compared to the steady 
state operating conditions. In a conduit connect- 
ing the riser of the FCC reactor and the primary 

io cyclone, there is provided a means, e.g., a slotted 
opening, to provide an opportunity for the major 
portion of the stripping steam and stripped hydro- 
carbon mixtures to enter the inside of the conduit 
and therefore of the primary and secondary cyc- 

15 lones. Another portion of the stripping steam and 
stripped hydrocarbons leaves the stripper 
through a conduit carrying spent catalyst to the 
regenerator. The bottom of the surge capacity 
means may be elevated, for example, by provid- 

20 ing a serrated edge spacer in the wall of the 
conduit which supports the bottom of the surge 
capacity means in a spaced relationship with 
respect to the conduit and allows for the remain- 
ing portion of the stripping steam and stripped 

25 hydrocarbons to enter the enclosure. 

The invention will now be described in con- 
nection with one specific embodiment thereof 
illustrated in Figures 1 and 2. This embodiment 
however, is not to be construed as a limitation on 

30 the scope of the invention. Referring to Figure 1 , a 
reactor vessel 2 is provided with a catalyst strip- 
ping section 4 in a lower bottom portion of the 
vessel. The vessel 2 surrounds the terminal end of 
a riser conversion zone 6, to which are attached 

35 primary cylone separating means 8 and 12, and 
secondary cyclones separating means 10 and 14, 
respectively. The primary cyclone separating 
means, or cyclones, 8 and 12 are attached by con- 
duits 16 and 36, respectively, to the outlet of the 

40 riser conversion zone, or riser 6, The outlet of the 
primary cyclones 8 and 12 is attached to the 
secondary cyclones 10 and 14 by conduits 24 and 
42, respectively, through a conventional expan- 
sion means, not shown in the drawings. It will be 

45 apparent to those skilled in the art that although 
only two pairs of the primary and secondary 
cyclones are shown in the embodiment of Figure 
1, more than two pairs of the primary and 
secondary cyclones and/or more than two con- 

so secutive cyclone stages may be used in a com- 
mercial installation without Impairing trie oper- 
ation of the apparatus and the process of the 
present invention. Cyclone separators 8 and 12 
attached to the discharge end of riser 6 by conduit 

S5 means 16 and 36 are provided with catalyst 
diplegs 18 and 40, provided with trickle valves 20 
and 48 on the bottom discharge end thereof. 
Openings 22 and 38 are provided in conduits 16 
and 36 to allow steam and/or hydrocarbon gases 

60 to enter conduits 16 and 36. Gasiform material 
separated in cyclones 8 and 12 passes through 
conduits 24 and 42 to secondary cyclones 10 and 
14 wherein a further separation of catalyst fines 
from gaseous material is carried out Separated 

65 catalyst is withdrawn by diplegs 26 and 44 from 
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the secondary cyclones, and a gasiform material 
is passed from cyclones 10 and 14 by conduits 28 
and 50 to a plenum chamber 30 for removal by 
conduit 32 and passage to a downstream 
fractionation equipment, not shown for clarity. 
The secondary cyclones 10 and 14 are provided 
with diplegs 26 and 44, which are provided with 
trickle valves 34 and 46 at the bottom end thereof. 

The conduits 24 and 42 are provided with trickle 
valves 27 and 41, respectively, for accommodat- 
ing sudden unexpected surges of increased 
pressure and of catalyst flow rate originating from 
operational or mechanical upsets. Alternatively, 
only conduits 16 and 36 may be provided with 
trickle valves 27A and 41A, respectively, to 
accommodate the increased pressure and cata- 
lyst flow rate surges. In yet another embodiment, 
conduits 16, 24, 36 and 42 are provided with 
trickle valves 27A, 27, 41 A and 41, respectively, as 
shown in Figure 1, to accommodate the increased 
pressure and catalyst flow rate surges. Figure 2 
illustrates the detail of the valve 41, and it will be 
apparent to those skilled in the art that the valves 
27, 27A and 41A are constructed and operated in 
the manner identical to that of valve 41 . Referring 
to Figure 2, the gate 39 of the valve 41 is attached 
by a ring-hinge 43 to the conduit 42, thereby 
allowing the valve 41 to open in response to an 
increased pressure within the conduit 42. To open 
the valve 41, the pressure within the conduit 42 
must exceed the pressure within the vessel 2 
surrounding the conduit 42, and therefore the 
valve 41. Under normal operating conditions, the 
pressure within the conduit 42 does not exceed 
the pressure within vessel 2, and therefore the 
valve 41 remains closed. However, during sudden 
unexpected surges of flow of the catalyst and 
hydrocarbon suspension, or during unexpected 
pressure increases, as defined hereinbefore, 
pressure within the conduit 42 exceeds that in 
vessel 2 and forces valve 41 to open which allows 
the suddenly increased volume of the suspension 
to exit the conduit 42 through the opening and 
eliminate the excess material from the system. In 
the absence of the valve 41, an unexpected 
increased surge of the suspension flow may 
cause entrapment of a large proportion of cata- 
lyst within the cracked hydrocarbon stream, 
which, in turn, may cause excessive catalyst 
carryover to the FCC main fractionation column or 
damage to the internal apparatus of the fractiona- 
tion column. The valve 41, or other surge capacity 
means, is sized to accommodate surges of up to 
20 times of the steady state rate of catalyst flow. 
The bottom portion of valve plate 39 leans against 
the serrated edge 39A of the horizontal plate 
protruding from conduit 42. The serrated edge 
permits the stripping steam to enter conduit 42, 
thus preventing coke build-up on the edge of 
plate 39A which could partially or totally seal the 
valve 39. 

The catalyst separated In diplegs 18, 26, 40 and 
44 is discharged from the diplegs after a suitable 
pressure is generated within the diplegs by the 
buildup of the catalyst, and it falls into a bed of 
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catalyst 52 therebelow. The bed 52 is contacted 
with a stream of gas, such as steam, flowing 
countercurrently to the direction of flow of the 
catalyst. The gas is introduced into the lower 

5 bottom portion of the stripping section 4 by one 
or more conduits 54 and 56. Stripped catalyst is 
removed by a conduit 58 for passage to a catalyst 
regeneration zone or a second stage of hydro- 
carbon conversion zone, depending upon the 

jo activity and the amount of carbonaceous 
material, or coke, deposited on the catalyst par- 
ticles. 

The principal purpose of the enclosed conduits 
36 and 42 is to provide a direct controlled passage 

is of the cracked vapors from the riser reactor to the 
primary and secondary cyclones, and therefore to 
limit the time the cracked vapors are exposed to 
elevated cracking temperatures. Otherwise, the 
cracked vapors would pass randomly through the 

20 upper portion of vessel 4 to the cyclone separ- 
ating means. This would provide additional 
opportunity for non-selective thermal cracking of 
the hydrocarbons, thereby lowering the product 
yield. By providing a direct enclosed path for the 

25 vapors to be transported out of the elevated 
temperature zone, there is provided an oppor- 
tunity for the vapors to be quenched and fraction- 
ated in a controlled manner in the main frac- 
tionator of the processing unit, thereby limiting 

30 undesirable thermal overcracking. 

Thus, in accordance with the present invention, 
the separation of catalyst from carbonaceous 
materials is achieved efficiently, while, at the 
same time, the length of time that the gaseous 

35 materials are subjected to high cracking reaction 
temperatures after separation from the catalysts 
is minimized. The direct connection between the 
primary and secondary cyclones provided by the 
enclosed conduits 16, 24, 36 and 42 is principally 

40 responsible for the reduction in thermal post-riser 
cracking. It will be apparent to those skilled in the 
art that more than one surge capacity means, 
such as trickle valves 27, 27A, 41 and 41 A, may be 
provided in the enclosed conduits 24, 16, 42 and 

45 36, respectively. 

In the method and apparatus of the present 
invention, a higher pressure is maintained out- 
side of the primary cyclone than on the inside 
thereof. This causes a seal of catalyst to build up 

60 in the dipleg to a selected height depending on 
the pressure Imposed on the system. The seal of 
catalyst in the dipleg substantially prevents the 
flow of gasiform material into the dipleg. In 
contrast, in conventional prior art designs, the 

55 pressure inside the primary cyclone was main- 
tained higher than the pressure outside of the 
cyclone. As a result, the gasiform hydrocarbon 
product has an opportunity to remain in contact 
with the catalyst for a longer time by being drawn 

go down into the cyclone dipleg. In the process and 
apparatus of the present invention, the hydro- 
carbons exiting the primary cyclone enter the 
secondary cyclone directly through the conduits 
24 and 42, respectively, and in the presence of a 

65 reduced amount of a catalyst In addition, the 
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stripping steam and stripped hydrocarbons are 
generally at a lower temperature than the suspen- 
sion of catalyst and cracked hydrocarbons passed 
to the primary cyclone, and the admixture of this 
lower temperature stripping steam and hydro- 
carbons in the primary and/or secondary cyclones 
considerably reduces overcracking and improves 
the separation of hydrocarbon vapors from cata- 
lyst particles in the suspension entering the cyc- 
lone. 

In another embodiment of the invention, one or 
more of the primary cyclones, such as 8 and 12 as 
shown in Figure 1, may be modified to incorpo- 
rate the stripping arrangement of the stripper 
cyclone of U.S. — A — 4,043,899. The employment 
of the stripper cyclone instead of the conventional 
primary cyclone shown in Figure 1 renders the 
operation even more effective for accomplishing 
the results desired insofar as hydrocarbon vapors 
flowing downwardly in the dipleg, in the inter- 
stitial volume between the catalyst particles, can 
be displaced by the stripping steam supplied to 
the stripper cyclone. 

In one specific embodiment of the present 
invention, the process is conducted in such a 
manner that the pressure at the top of the riser 
reactor conduit is about 31.4 psig {318 kPa); the 
pressure within the reactor vessel 2 and outside 
of the riser is about 31.4 psig (318 kPa); the 
pressure within the first stage cyclone is about 
30.5 psig (312 kPa); the pressure within the 
second stage cyclone is about 29.3 psig (303 kPa); 
and the pressure in the plenum chamber 30 is 
about 28.8 psig (300 kPa). Under these pressure 
operating conditions, it is estimated that the 
second stage cyclone dipleg will develop a cata- 
lyst seal in the dipleg of approximately 10 feet (3 
meters) and a catalyst seal in the primary cyclone 
will be about 4.3 feet (1.3 meters). 

ft will be apparent to those skilled in the art that 
the specific embodiments discussed above can be 
successfully repeated with ingredients equivalent 
to those genetically or specifically set forth above 
and under variable process conditions. 

Our EP 84305675 (published EP— A— 139,391) 
discloses an FCC riser reactor equipped with an 
opening which allows stripping gases from a 
catalyst stripping zone to enter the riser. The 
pressure in a reactor vessel containing the riser 
reactor is higher than the pressure inside the FCC 
riser reactor, and downstream cyclones asso- 
ciated with the riser reactor. This changed 
pressure relationship decreases the amount of 
uncontrolled post-riser cracking within the reactor 
vessel. 

Claims 

1. A process for the fluid catalytic cracking of a 
hydrocarbon feed, whereby the hydrocarbon feed 
is catarytfcalty cracked, which process comprises: 

(a) passing a suspension of hydrocarbon feed 
and catalyst through riser cracking zone (6) under 
cracking conditions, 

(b) separating the catalyst from the mixture of 
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catalyst with the cracked hydrocarbons from the 
feed upon the discharge of such mixture as 
effluent from the riser cracking zone (6), said 
separating of the catalyst being accomplished by 
5 passing the effluent from the riser cracking zone 
(6) through a first enclosed conduit means (16, 36) 
to a primary cyclone separation means (8, 12) 
and, subsequently, through a second enclosed 
conduit means (24,. 42) to a secondary cyclone 
w separation means (10, 14), at least one of the 
enclosed conduit means {16, 36, 24, 42) contain- 
ing a surge capacity means (27A, 41 A, 27, 41) to 
accommodate a sudden increased rate of flow of 
the effluent therethrough and sudden increase in 
15 pressure; 

(c) substantially completely separating the cata- 
lyst from the cracked hydrocarbons in said prim- 
ary (8, 12) and secondary (10, 14) cyclone separa- 
tion means; 

20 (d) passing the thus-separated catalyst to a 
catalyst stripping zone (4) wherein entrained 
hydrocarbons are removed from the catalyst with 
a stripping gas; 

(e) passing the cracked hydrocarbons to a 
25 downstream fractionation apparatus; and 

(f) passing the stripped catalyst to a catalyst 
regeneration vessel. 

2. A process according to Claim 1 wherein the 
riser cracking zone (6), the primary (8, 12) and 

30 secondary (10, 14) cyclone separation means and 
conduit means thereto (16, 36, 24, 42), and the 
catalyst stripping zone (4) are housed within a 
single fluid catalytic cracking reactor vessel. 

3. A process according to. Claim 2 wherein the 
35 catalyst stripping zone (4) is placed beneath said 

primary (8, 12) and secondary (10, 14) cyclone 
separation means. 

4. A process according to any of Claims 1 to 3 
wherein the first enclosed conduit means (16, 36) 

40 contains an opening (22, 38) which allows at least 
a portion of the stripping gas from the catalyst 
stripping zone to enter the first enclosed conduit 
means. 

5. A process according to any of Claims 1 to 4 
45 wherein the catalyst separated in said primary (8, 

12) and said secondary (10, 14) cyclone separa- 
tion means is conducted through a first (18, 40) 
and a second (26, 44) dipleg means, associated 
with the primary and secondary cyclone separa- 
so tion means, respectively, to the catalyst stripping 
zone. 

6. A process according to any of Claims 1 to 5 
wherein the sudden increased rate of flow of said 
effluent comprises a 2 to 20 times increase of the 

55 steady state rate of flow of said effluent 

7. A process according to any of Claims 1 to 6 
wherein both the first (16, 36) and the second (24, 
42) enclosed conduit means contain a surge 
capacity means (27A, 41 A, 27, 41). 

so 8, A process according to any of Claims 1 to 7 
wherein the means for accommodating surge 
capacity in the first (16, 36) and in the second (24, 
42) enclosed conduits comprises an opening 
covered by a trickle valve means. 
65 9. A process according to any of Claims 1 to 8 
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wherein the primary cyclone separation means (8, 
12) is a stripper cyclone means and wherein the 
separation of the catalyst from the rising cracking 
zone effluent comprises 

(a) passing the effluent from the riser cracking 
zone (6) into a cyclonic separation zone (8, 12) 
wherein a first cyclonic separation is carried out 
between the fluid catalyst particles and cracked 
hydrocarbons from the feed; 

(b) passing the catalyst particles thus separated 
substantially immediately into a lower separate 
portion of the stripper cyclone means through an 
opening into an annular zone wherein catalyst 
particles are contacted with a tangentially intro- 
duced stripping gas; 

(c) passing the stripping gas and stripped pro- 
ducts separated from the catalyst in the annular 
zone upwardly through an open end restricted 
passageway concentric with said annular zone 
and in open communication with an upper with- 
drawal passageway for removing cracked hydro- 
carbons from the feed from the upper portion of 
said stripper cyclone means into the second 
enclosed conduit means; and 

(d) conducting the catalyst particles from the 
stripper cyclone means into the stripping zone. 

10. Apparatus for the fluid catalytic cracking of a 
hydrocarbon feed, which apparatus comprises a 
reactor vessel (2) which contains: 

(a) a riser cracking zone (6) comprising a ver- 
tically disposed elongated tubular conduit having 
an upstream end wherein a suspension of hydro- 
carbon feed and catalyst can be introduced and a 
downstream end from which an effluent compris- 
ing a mixture of catalyst and cracked hydro- 
carbons from the feed exits, said downstream end 
terminating within said reactor vessel; 

(b) a primary cyclone means (8, 12) connected 
to said downstream end of said riser cracking 
zone by a first enclosed conduit means (16, 36), a 
secondary cyclone means (10, 14) connected to 
said primary cyclone means by a second enclosed 
conduit means (24, 42) and at least one of the 
enclosed conduit means containing a surge 
capacity means (27A, 41 A, 27, 41) to accommo- 
date a sudden increased rate of flow of effluent 
therethrough, said primary (8, 12) and secondary 
(10, 14) cyclone means serving to separate cata- 
lyst material from said riser cracking zone 
effluent; and 

(c) a catalyst stripping zone (4), wherein strip- 
ping gas is employed to remove entrained hydro- 
carbons from catalyst separated from said riser 
cracking zone effluent in said cyclone means. 

11. Apparatus according to Claim 10 wherein 
said stripping zone (4) Is placed beneath said 
primary (8, 12) and secondary (10, 14) cyclone 
separation means. 

1 2. Apparatus according to Claim 1 0 or Claim 1 1 
wherein said first enclosed conduit means (16, 36) 
contains an opening (22, 38) which allows at least 
a portion of the stripping gas from said catalyst 
stripping zone (4) to enter said first enclosed 
conduit means. 

13. Apparatus according to any of Claims 10 to 
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12 wherein said primary (8, 12) and said 
secondary (10, 14) cyclone separation means 
separate said catalyst from said mixture and said 
separated catalyst is conducted through a first 
s (18, 40) and a second (26, 44) dipleg means, 
associated with said primary and said secondary 
cyclone separation means, respectively, to said 
catalyst stripping zone (4). 

14. Apparatus according to any of Claims 10 to 
to 13 wherein both said first (16, 36) and said second 

(24, 42) enclosed conduit means contain a surge 
capacity means (27A, 41 A, 27, 41). 

15. Apparatus according to Claim 14 wherein 
said means for accommodating surge capacity in 

15 said first (16, 36) and second (24, 42) enclosed 
conduit means comprises an opening covered by 
a trickle valve means. 

16. Apparatus according to any of Claims 10 to 
15 wherein said primary cyclone means (8, 12) is a 

20 stripper cyclone means and wherein said catalyst 
is separated from said riser cracking zone effluent 
by 

(a) passing said effluent from said riser cracking 
zone into a cyclonic separation zone, wherein a 

25 first cyclonic separation is carried out between 
said catalyst and cracked hydrocarbons from the 
feed; 

(b) passing the thus-separated catalyst sub- 
stantially immediately into a lower separate por- 

30 tion of said stripper cyclone means through an 
opening into an annular zone wherein catalyst is 
contacted with a tangentially introduced stripping 
gas; 

(c) passing said stripping gas and stripped 
35 products separated from said catalysts in said 

annular zone upwardly through an open end 
restricted passageway concentric with said annu- 
lar zone and in open communication with an 
upper withdrawal passageway for removing 
40 cracked hydrocarbons from the feed from the 
upper portion of said stripper cyclone means into 
said second enclosed conduit means; and, 

(d) conducting said catalyst from said stripper 
cyclone means into said stripping zone. 

45 

Paterttanspruche 

1. Verfahren zum katalytischen Wirbelschicht- 
cracken einer Kohlenwasserstoffzufuhr, wodurch 

so die Kohlenwasserstoffzufuhr katalytisch gecrackt 
wird, wobei das Verfahren umfa&t: 

a) Leiten einer Suspension der Kohlenwasser- 
stoffzufuhr und das Katalysators durch eine Riser- 
crackzone (6) unter Crackbedingungen, 

56 b) Abtrennen des Katalysators aus der 
Mischung des Katalysators mft den gecrackten 
Kohlenwasserstoffen aus der Zufuhr wahrend des 
Ablassens dieser Mischung als AbfluB aus der 
Risercrackzone (6), wobei das Abtrennen des 

60 Katalysators durch Leiten dieses Abflusses aus 
der Risercrackzone (6) durch eine erste etn- 
geschlossene Leitungseinrichtung (16, 36) zu 
einer primaxen Zyklonabtrenneinrichtung (8, 12) 
und nachfolgend durch eine zweite ein- 

65 geschlossene Leitungseinrichtung (24, 42) zu 
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einer sekundaren Zyklonabtrenneinrichtung (10, 
14) durchgefuhrt wird, wobei zumindest eine der 
eingeschlossenen Leitungseinrichtungen (16, 36, 
24, 42) eine UberschulSkapazitatseinrichtung 
(27A, 41 A, 27, 41) enthalt, urn eine plotzlich 
erhohte Stromungsgeschwindigkeit des Abflus- 
ses durch diese hindurch und eine plotzliche 
Druckerhohung anzupassen, 

c) im wesenttichen vollstandige Abtrennung 
des Katalysators von den gecrackten Kohlen- 
wasserstoffen in der ersten (8, 12) und zweiten 
(10, 14) Zyklonabtrenneinrichtung, 

d) Leiten des so abgetrennten Katalysators zur 
Katalysatorabstreifzone (4), worin eingetretene 
Kohlenwasserstoffe mit Abstreifgas vom Kataly- 
sator entfernt werden, 

e) Leiten der gecrackten Kohlenwasserstoffe zu 
einer stromabwartigen Fraktioniervorrichtung 
und 

f) Leiten des abgestreiften Katalysators zu 
einem KatalysatorregeneriergefaB. 

2. Verfahren nach Anspruch 1, worin die Riser- 
crackzone (6) die primare (8, 12) und sekundare 
(10, 14) Zyklonabtrenneinrichtung und Leitungs- 
einrichtung dahin (16, 36, 24, 42) und die 
Katalysatorabstreifzone (4) innerhalb eines ein- 
zelnen katalytischen Wirbelschichtcrack-Reaktor- 
gegaBes enthalten sind. 

3. Verfahren nach Anspruch 2, worin die 
Katalysatorabstreifzone (4) unter der primaren (8, 
12) und sekundaren (10, 14) Zyklonabtrennein- 
richtung angeordnet ist. 

4. Verfahren nach einem der Anspruche 1 bis 3, 
worin die erste eingeschlossene Leitungsein- 
richtung (16, 36) eine Off nung (22, 38) enthalt, die 
gestattet, daB zumindest ein Teil des Abstreif- 
gases von der Katalysatorabstreifzone in die erste 
eingeschlossene Leitungseinrichtung etntritt 

5. Verfahren nach einem der Anspruche 1 bis 4, 
worin der Katalysator, der in der ersten (8, 12) und 
zweiten (10, 14) Zyklonabtrenneinrichtung abge- 
trennt wurde, durch eine erste (18, 40) und zweite 
(26, 44) Tauchleftungseinrichtung, die mit der 
primSren bzw. sekundaren Zyklonabtrennein- 

^ ricbtung .verbunden ist, zur Katalysatorabstreif- 
zone gefuhrt wird. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
worin die pldtzlich erhfihte Stromungs- 
geschwindigkeit des Abflusses eine zwei bis 
zwanzigfache Erhohung der Stromungs- 
geschwindigkeit des Abflusses im Dauerzustand 
umfaSt 

7. Verfahren nach einem der AnsprGche 1 bis 6, 
worin sowohl die erste (16, 36) ats auch zweite 
(24,42) eingeschlossene Leitungseinrichtung eine 
OberechuBkapazitatseinrichtung (27A. 41 A, 27, 
41)umfafit 

8. Verfahren nach einem der Anspruche 1 bis 7, 
.worin die Einrichtung zum Anpassen der Ober- 
schu&kapazrtdt In der ersten (16, 36) und in der 
zweiten (24, 42) eingeschlossenen Lertung eine 
Offnung umfafit, die mit efner Rieselventilein- 
richtung abgedeckt ist 

9. Verfahren nach einem der Anspruche 1 bis 8, 
worin die erste Zyklonabtrenneinrichtung (8, 12) 
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eine Zyklonabstreifeinrichtung ist und worin die 
Abtrennung des Katalysators von dem Abflufc der 
Risercrackzone umfaBt; 
a) Leiten des Abflusses von der Risercrackzone 
5 (6) in eine Zyklonabtrennzone (8, 12), worin eine 
erste Zyklonabscheidung zwischen den 
Katalysatorfluidpartikeln und den gecrackten 
Kohlenwasserstoffen aus der Zufuhr durch- 
gefuhrt wird, 

w b) Leiten der so abgetrennten Katalysator- 
partikel im wesentlichen unmittelbar in einen 
unteren getrennten Abschnitt der Zyklon- 
abstreifeinrichtung durch eine Offnung in eine 
ringformige Zone, worin die Katalysatorpartikel 
is mit dem tangential eingefuhrten Abstreifgas in 
Kontakt gebracht werden, 

c) Leiten des Abstreifgases und der abgestreif- 
ten Produkte, die vom Katalysator in der ring- 
fdrmigen Zone abgetrennt wurden, nach oben 

20 durch ein offenes Ende des begrenzten Durch- 
ganges, der mit der ringfdrmigen Zone kon- 
zentrisch ist und in offener Verbindung mit einem 
oberen Abzugsdurchgang stent, um die gecrack- 
ten Kohlenwasserstoffe von der Zufuhr aus dem 
25 oberen Abschnitt der Zyklonabstreifeinrichtung in 
die zweite eingeschlossene Leitungseinrichtung 
zu entfernen und 

d) Leiten der Katalysatorpartikel aus der 
Zyklonabstreifeinrichtung in die Abstreifzone. 

30 10. Vorrichtung zum katalytischen Wirbel- 
schichtcracken einer Kohlenwasserstoffzufuhr, 
wobei die Vorrichtung ein ReaktorgefSS (2) 
umfaSt, welches enthalt: 
a) eine Risercrackzone (6), die eine vertikal 
35 angeordnete, verlSngerte rohrenfSrrnige Leitung 
mit einem stromabwartigen Ende, worin eine 
Suspension der Kohlenwasserstoffzufuhr und des 
Katalysators eingegeben werden kann und einem 
stromabwartigen Ende umfaBt, aus dem der 
40 AbfluS, der eine Mischung des Katalysators und 
der gecrackten Kohlenwasserstoffe aus der 
Zufuhr umfaSt, austritt, wobei das stroma b- 
wartige Ende innerhalb des ReaktorgefaSes 
abschlieSt, 

45 b) eine primdre Zykloneinrfchtung (8, 12), die 
durch eine erste eingeschlossene Leitungsein- 
richtung (16, 36) an das stroma bwartige Ende der 
Risercrackzone verbunden ist, eine sekundare 
Zykloneinrichtung (10, 14), die durch eine zweite 
so eingeschlossene Leitungseinrichtung (24, 42) an 
die primare Zykloneinrichtung verbunden ist und 
zumindest eine der eingeschlossenen Leitungs- 
einrichtungen eine OberschuEkapazitatsein- 
richtung (27 A, 41 A, 27, 41) enthalt um eine pldt- 
55 zlich erhdhte Stromungsgeschwindigkeit des 
Abflusses durch diese hindurch anzupassen, 
wobei die primare (8, 12) und sekundare (10, 14) 
Zykloneinrichtung dazu dient, das Katalysator- 
material vom AbfluB der Risercrackzone abzu- 
60 trennen und 

c) eine Katalysatorabstreifzone (4), worin 
Abstreifgas verwendet wird, um eingetretene 
Kohlenwasserstoffe vom Katafysator zu entfer- 
nen, der in der Zykloneinrichtung vom AbfluG der 
65 Risercrackzone abgetrennt wurde. 
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11. Vorrichtung nach Anspruch 10, worin die 
Abstreifzone (4) unter der primaren {8, 12) und 
sekundaren (10, 14) Zyklonabtrenneinrichtung 
angeordnet ist. 

12. Vorrichtung nach Anspruch 10 oder 11, 
worin die erste eingeschlossene Leitungsein- 
richtung (16, 36) eine Offnung (22, 38) enthalt, die 
gestattet, dafi zumindest ein Teil des Abstreif- 
gases aus der Kataiysatorabstreifzone (4) in die 
erste eingeschlossene Leitungseinrichtung ein- 
tritt. 

13. Vorrichtung nach einem der Anspruche 10 
bis 12, worin die primare (8, 12) und sekundare 
(10, 14) Zyklonabtrenneinrichtung den Kataiysa- 
tor von dieser Mischung abtrennt und der abge- 
trennte Katalysator durch eine erste (18, 40) und 
zweite (26, 44) Tauchleitungseinrichtung, die mit 
der pnmaren bzw. sekundaren Zyklonabtrenn- 
einrichtung verbunden ist, zur Kataiysator- 
abstreifzone (4) geleitet wird. 

14. Vorrichtung nach einem der Anspruche 10 
bis 13, worin sowohl die erste (16, 36) als auch die 
zweite (24, 42) eingeschlossene Leitungsein- 
richtung eine OberschuSkapazitatseinrichtung 
(27A f 41 A, 27, 41) enthalt 

15. Vorrichtung nach Anspruch 14,^ worin die 
Einrichtung zur Ausgleichung der OberschuS- 
kapazitat in der ersten (16, 36) und zweiten (24, 42) 
eingeschlossenen Leitungseinrichtung eine Off- 
nung umfaBt, die durch eine Rieselventilein- 
richtung abgedeckt ist. 

16. Vorrichtung nach einem der Anspruche 10 
bis 15, worin die primare Zykloneinrichtung (8, 
12) eine Zyklonabstreif einrichtung ist und worin 
der Katalysator vom AbfiuS der Risercrackzone 
durch , 

a) Leiten des Abflusses aus der Risercrackzone 
in eine Zyklonabtrennzone, worin eine erste 
Zyklonabtrennung zwischen dem Katalysator und 
den gecrackten Kohlenwasserstoffen aus der 
Zufuhr durchgefuhrt wird, 

b) Leiten des so abgetrennten Katalysators im 
wesentlichen unmittelbar in einen unteren abge- 
trennten Abschnitt der Zyklonabstreifeinrichtung 
durch eine Gffnung in eine ringfdrmige Zone, 
worin der Katalysator mit einem tangential ein- 
gefuhrten Abstreifgas in Kontakt gebracht wird, 

c) Leiten des Abstreifgases und der abgestreif- 
ten Produkte, die in der ringformigen Zone vom 
Katalysator abgetrennt wurden, nach oben durch 
ein offenes Ende des begrenzten Durchganges, 
der mit der ringfdrmigen Zone konzentrisch Ist 
und in offener Verbindung mit einem oberen 
Abzugsdurchgang stent, um die gecrackten 
Kohlenwasserstoffe von der Zufuhr vom oberen 
Abschnitt der Zyklonabstreifeinrichtung in die 
urttere eingeschlossene Leitungseinrichtung zu 
entfernen und 

d) Leiten des Katalysators aus der Zyklonab- 
streifeinrichtung in die Abstreifzone 
abgetrennt wird. 

Revendications 

1. Procede de craquage catatytique en lit flui- 
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dise d'une charge hydrocarbonee, dans lequel on 
craque la charge hydrocarbonee par voie catalyti- 
que, ce procede comprenant les etapes consistant 
a: 

5 (a) faire passer une charge de la suspension 

formee de la charge hydrocarbonee et du cataly- 
seur au travers d'une zone de craquage ascen- 
dante (6) dans des conditions de craquage; 
(b) separer le catalyseur du melange de cataly- 
ze seur et des hydrocarbures craques produits par la 
charge apres que ce melange quitte en tant 
qu'effluent la zone de craquage ascendante (6), 
cette separation etant realisee par passage de 
('effluent de la zone de craquage ascendante (6) 
15 par des premiers conduits proteges (16, 36) et des 
moyens primaires de separation cycloniques (8, 
12) et ensuite par des seconds conduits proteges 
(24, 42) puis des moyens secondaires de separa- 
tion cycloniques (10, 14), au moins I'un des con- 
20 duits proteges (16, 36, 24, 42) contenant des 
moyens antisurcharge (27 A, 41 A, 27, 41) pour 
faire face a un accroissement soudain du debit de 
I'effluent et a un soudain accroissement de pres- 
sion; 

25 (c) separer de facon sensiblement complete le 
catalyseur des hydrocarbures craques dans les- 
dits moyens de separation cycloniques primaires 
(8, 12) et secondaires (10, 14); 

(d) transferer le catalyseur ainsi separe vers une 
30 zone d'extraction de catalyseur (4) dans laquelle 

les hydrocarbures entratnes sont retires du cataly- 
seur a I'aide d'un gaz d'extraction; 

(e) amener les hydrocarbures craques a un 
dispositif de fractionnement en aval; et 

35 (f) faire passer le catalyseur recueilli par 
extraction a une cuve de regeneration de cataly- 
seur. 

2. ProcSde seion la revendication 1, dans lequel 
la zone de craquage ascendante (6), les moyens 
40 de separation cycloniques primaires (8, 12) et 
secondaires (10, 14), les conduits (16, 36, 24, 42) et 
la zone d'extraction du catalyseur (4) sont longes 
dans une cuve unique form ant le reacteur de 
craquage catalytique a lit fluidise. 
45 3. Precede" selon la revendication 2, dans lequel 
la zone (4) d'extraction de catalyseur est situee en 
dessous desdits moyens de separation cycloni- 
ques primaires (8, 12) et secondaires (10, 14). 

4. Procede selon Tune quelconque des reven- 
so dications 1 a 3, dans lequel les premiers conduits 

proteges (16, 36) presentent une ouverture (22, 
38) permettant au moins a une partie du gaz 
d'extraction provenant de la zone d'extraction de 
catalyseur d'entrer dans les premiers conduits 
55 proteges. 

5. Procede selon I'une quelconque des reven- 
dications 1 a 4, dans lequel le catalyseur separe 
dans lesdrts moyens de separation cycloniques 
primaires (8, 12) et secondaires (10, 14) est amene 

60 par des premiers (18, 40) et second (26, 44) tubes 
plongeurs, associes a des moyens de separation 
cycloniques primaires et secondaires respective- 
ment, a une zone d'extraction de catalyseur. 

6. Precede 1 selon I'une quelconque des reven- 
65 dications 1 a 5, dans lequel I'accrotssement sou- 
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dain de debit dudit effluent represente de 2 a 20 
fois le debit normal de cet effluent. 

7. Procede selon I'une quelconques des reven- 
dicattons 1 a 6, dans lequel les premiers (16, 36) et 
les seconds (24, 42) conduits proteges compor- 
tent tous deux des moyens antisurcharge (27 A, 
41 A, 27, 41).' 

8. Procede selon Tune quelconques des reven- 
dications 1 a 7, dans lequel les moyens permet- 
tant de faire face a une surcharge dans les 
premiers (1 6, 36) et dans les seconds (24, 42) con- 
duits proteges comprennent une ouverture clotu- 
ree par une vanne goutte a goutte. 

9. Procede selon I'une quelconques des reven- 
dications 1 a 8, dans lequel les premiers moyens 
de separation cycloniques (8, 12) sont formes de 
cyclones d'extraction et dans lequel (a separation 
du catalyseur de I'effluent dans la zone de cra- 
quage ascendante comprend les etapes con- 
sistant a: 

(a) faire passer I'effluent de la zone de craquage 
ascendante (6) a une zone de separation cycloni- 
que (8, 12) dans laqueile une premiere separation 
cyclonique est effectuee entre les particules de 
catalyseur fluidisees et les hydrocarbures craques 
p rod u its par la charge; 

(b) faire passer les particules de catalyseur ainsi 
separees presque immediatement dans une par- 
tie infeYieure distincte des cyclones d'extraction 
par une ouverture dans une zone annulaire ou les 
particules de catalyseur entrent en contact avec 
un gaz d'extraction introduit tangentiellement; 

(c) faire passer le gaz d'extraction et les pro- 
ducts extra its s^pares du catalyseur dans la zone 
annulaire vers le haut par un passage libre a 
extremite retrecie qui est concentrique a ladite 
zone annulaire et en libre communication avec un 
passage superieur de decharge pour retirer les 
hydrocarbures craques de la charge dans la partie 
superieure desdits moyens cycloniques d'extrac- 
tion et les amener dans les seconds moyens de 
conduit proteges; et 

(d) faire passer les particules de catalyseur des 
moyens cycloniques d'extraction dans la zone 
d'extraction. 

10. Dispositif pour le craquage catalytique a lit 
fluidis^ d'une charge d'hydrocarbures, compre- 
nant une cuve de reaction ou react eur (2) qui 
contient: 

(a) une zone de craquage ascendante (6) com- 
prenant un conduit tubulaire allonge vertical 
ayant une extremite amont dans laqueile peut 
etre introduce une suspension de charge hydro- 
carbonee et de catalyseur et une extremite aval de 
laqueile sort un effluent comprenant un melange 
de catalyseur et d'hydrocarbures craques pro- 
duits a partir de la charge, cette extremite aval se 
terminant dans ladite cuve de reacteur; 

(b) des moyens de cyclone primaires (8, 12) 
relies a ('extremite aval de ladite zone de cra- 
quage ascendante par des premiers conduits 
proteges (1 6, 36), relies a des moyens cycloniques 
secondares (10, 14) reliees auxdits moyens cyclo- 
niques primaires par des seconds conduits pro- 
teges (24, 42) et au moins un des conduits 
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proteges contenant des moyens antisurcharge 
(27A f 41 A, 27, 41) pour faire face a un accroisse- 
ment subit du debit de I'effluent qui les traver- 
sent, lesdits moyens cycloniques primaires (8, 12) 
5 et secondares (10, 14) servant a separer le cataly- 
seur de I'effluent de la zone de craquage ascen- 
dante; et 

(c) une zone d'extraction de catalyseur (4) dans 
laqueile un gaz d'extraction retire les hydro- 
io carbures entraines du catalyseur separe de I'ef- 
fluent de la zone de craquage ascendante dans 
lesdits moyens cycloniques. 

11. Dispositif selon la revendication 10, dans 
lequel ladite zone d'extraction (4) est placee en 

75 dessous desdits moyens de separation cycloni- 
ques primaires (8, 12) et secondares (10, 14). 

12. Dispositif selon la revendication 10 ou 11, 
dans lequel les premiers conduits proteges (16, 
36) presentent une ouverture (22, 38) permettant 

20 au moins a une partie du gaz d'extraction prove- 
nant de la zone d'extraction du catalyseur d'entrer 
dans les premiers conduits proteges. 

13. Dispositif selon I'une quelconque des reven- 
dications 10 a 12, dans lequel lesdits moyens de 

25 separation cycloniques primaires (8, 12) et 
secondares (10, 14) separent ledit catalyseur 
dudit melange et ledit catalyseur separe est 
amen6 par des premiers (18, 40) et seconds (26, 
44) tubes plongeurs, associes a des moyens de 

30 separation cycloniques primaires et secondares 
respectivement, a ladite zone d'extraction de cata- 
lyseur (4). 

14. Dispositif selon I'une quelconque des reven- 
dications 10 a 13, dans lequel les premiers (16, 36) 

35 et les seconds (24, 42) conduits proteges compor- 
tent tous deux des moyens antisurcharge (27A, 
41 A, 27, 41). 

15. Dispositif selon la revendication 14, dans 
lequel les moyens permettant de faire face a une 

40 surcharge dans les premiers (16, 36) et dans les 
seconds (24, 42) conduits proteges comprennent 
une ouverture cioturee par une vanne goutte a 
goutte. 

16. Dispositif selon I'une quelconque des reven- 
45 dications 10 a 15, dans lequel les moyens cycloni- 
ques primaires (8, 12) sont des cyclones d'extrac- 
tion et dans lequel iedit catalyseur est separe de 
I'effluent dans la zone de craquage ascendante 
par les etapes consistant a: 

so (a) faire passer ledit effluent de la zone de 
craquage ascendante dans une zone de separa- 
tion cyclonique dans laqueile une premiere sepa- 
ration cyclonique est effectuee entre le catalyseur 
et les hydrocarbures craques produits a partir de 

55 la charge; 

(b) faire passer le catalyseur ainsi separe pres- 
que immediatement dans une partie inferieure 
distincte des moyens cycloniques d'extraction par 
une ouverture dans une zone annulaire et ou le 

60 catalyseur est mis au contact d'un gaz d'extrac- 
tion introduit tangentiellement; 

(c) faire passer ledit gaz d'extraction et lesdits 
produits extraits separes du catalyseur dans une 
zone annulaire vers le haut a travers un passage 

65 libre a extremite retrecie qui est concentrique 
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avec ladite zone annulaire et en communication 
libre avec un passage superieur de decharge pour 
retirer les hydrocarbures craques produits par la 
charge par la partie superieure desdits moyens de 
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cycloniques d'extraction et les amener dans les- 
dits conduits proteges; et 

(d) faire passer ledit catalyseur des moyens 
cycloniques d'extraction a la zone d'extraction. 
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